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PROBLEM TO BE SOLVED: To provide a control system with a bus bridge capable of increasing a 
processing efficiency. 

SOLUTION: This control system comprises a bus bridge 16 interposed between a system bus 1 1 having a 
CPU and a memory connected thereto and an extension bus 12 having an I/O device connected thereto. The 
system further comprises a control circuit 13 occupying the system bus 1 1 only in the necessary and 
minimum period even during the transfer of an DMA and a data buffer 14 for temporarily storing the data read 
from the memory when reading the DMA. Thus, the system bus access standby time of the CPU can be 
shortened. 
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[CLAIMS] 

[Claim 1] A control system having a bus bridge between 
a system bus to which a CPU and a memory are connected 
and an extension bus to which an I/O device is connected, 
characterized in that it comprises (a) a control circuit 
which occupies said system bus only for a minimum but 
necessary period of time also during DMA transfer, and 

(b) a data buffer for temporarily storing data read out 
from said memory upon DMA reading, and (c) said control 
system allows shortening of system bus access waiting time 
of said CPU. 

[Claim 2] A control system having a bus bridge between 
a system bus to which a CPU and a memory are connected 
and an extension bus to which an I/O device is connected, 
characterized in that (a) it comprises a control circuit 
for releasing said extension bus before acquisition of 
said system bus in a DMP writing cycle and executing an 
extension bus cycle after waiting completion of a system 
bus cycle upon DMA reading, and (b) said control system 
allows prevention of deadlock of said system bus and said 
extension bus. 

[Claim 3] A control system having a bus bridge as set forth 
in claim 1 or 2, characterized in that a circuit cable 
of identifying whether a DMA requesting signal DRQ inputted 
from said I/O device to said bus bridge is a DMA read request 
or a DMA write request is added to said bus bridge. 
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V -.'i^^W*r'2>S(lfflI^'Xf-AK:4ba>'C. (a) DMAK 

r^m^siM^t. (b) DMA K^^Miep^^y?:?^ 
e> y - K 1/ r t /c7^- ^> ^ffi^T ^^Tcj^xo'T a? 

^r:7Ti^:a<iL. (c) B{^i^CPU(D>';^rA>^^*XT 

-^i^^Wr'5)$0ffll^>':^f*Atc*Jl>r. (a) DMA-^ 
^^:^imtkly. DMA Kl^tC*j<.i-Ci^X'f-A-'<X1f 

MA - Ki!^i^j:CD;^>\ D MA ^ -f h m^taCOtf^^mM 

[0 00 n 

[SK<D«T^St85»»} DMAKSISflE^ 
[0002} 

{^^(Dim^^. CO<i:^?^j:$iWt^X7"AiLr 

[00031 ia3«*^5&^€»se*(D$(Raivxr'A<D«i^a 

[0 00 4] a3«:*5lir. 1 ttv'X-f A^N'XQKlS^ 
[0 00 5} CCDJc^K:. CPU 1 <L3Efete^'tU2. 

i/of'>'^-r;^4. 5«^;^f^A/'?x9tcg^$n"ci^ 
-So ^/c. ^/ox/^•^;^6'-8^^. ^l£5g>^^';^^ i o&cg 

[0006] c<D*flffli2^x7^A(3[>«&mc'oiirw 
[0 0 0 7 } • '>-:;?3«. h • 

ri?-fe;^ • =i>hD-^ (ttr. DMACiBST) 
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^s^1S-^'^:U2ra<!:(Df'-!>^E3l*^f 5o 

[0 00 8] DMAeSKDSMtCOli-riftBJT 

[0 00 9 ] ^-r. iiSlt^^y 2'^(DDMA^-f h 
(DMA##iA^) T?^cCt>^. DMAK3^CCcl:-2> I/O 

y - K ( I /O^^mu) cDii^tcoi^TUSqg'r^a 
[0 0 10] l/O'f^^-iT.^iy^h^^::^- 

DMARaiS^m# (DRQ) *5m:bSn^o DRQ«: 

MASillj£^<i^ (DAK) ^JMt/. Sx;^xA>^^';^ 9 O 
^''^XAWS^d-^ (HRQ) CPUl-s.Ui:t;-r5>o 
HRQ«r§t:fKo/cCPU 1«. j^:^ - ^} vV>3^^^ 
;^iSWje§fi-^ (HACK) ^ril-To • >^'; -^i^3 
ttH A C K *S ffi <!: *^ X A 9 f^:^ jft C i 
iJ^cC-So ^cr^^-cx • :;^y ;;t^3« I /Ox>'^V>^6'\ 

i/oy- Ffi^ ( I ORC) ^mjooxf'-^^ix 

20 ^^^)2-^'7^ h-r^. DMA^*5%7*r'5<b. 

[0 0 1 1 } yc^. ilBlg-^^y 2-vC0DMA»;- F 
(DMA^^aiL/) . -TJ^cCt)^. DMAK3I«:J:-E> I / 

[0 0 12] I /0 7^>'^''YX6 5&^6^^'X • >^'; -^^l^S-^^ 
DRQ3C>^ffi;^$ti^o DRQ>l:StfgXo/c>'>'X • 
5^3«. 5>X7^Ay'?X9^i5WT^/ce«>W:CPU l^H 
RQ^ffl:^'r^o HRQ^^ltl^^o/cCPU • 
30 ^^i^^S'-^.HACK^il-r. HACK^g:t:flJ(-:>/c^N' 

-ecr. iiait^'^rv 2--^^y Ffi-^^tiJ::^ 

LT. £iBtSt^^U2 JrOf^-^^y-F-r-So 

tc, I/or^^^v;^6■^DAK^ i/o^>r hli^ (I 
owe) <t#^tB;':i/. ^ifitt-^^-^y 2i:o FLT 

[00 13} C©^. f^Ts • 5ri>3«I/0'r/NV 
xeODMASi^^O^^T-r-^^r. ^'XxA/n';^9^i5 
WL. 3EiBlS-^^y 2--oy- F/^-< F^?f ^. 
40 [0 0 14}FS^«. S>Xf^A>'^*;^9*5E I SA>'^•X 
(Extended Industry Standa 
rd Architecture: /N*y3>ffi3 2 fcf*;^ 
Fffi?S>'<XOaiScr)-o) Oig^. ^^T.'^T.^ '^A^ 

:rc. J£5g>'^'Xl Ot&^E I S A/^':^^/<::ti I SA>'^':^ ( I 
ndustry Standard Architec 
ture : IBM PCATSIft/N-ynXD^^^^;^) 
(Om^Ti>. DMAfeiH^y-F/^-Y F<f:fe^l1f>r 
:5'^l'«8CLKT*>^o J:or. C<Dm^. 5^Xf'A^^* 
50 X9«a:SR-'N';^ I 0(3!>DMAlE^I<DH<^)8CLK«8fffl. 
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[0015] 

• ^.5;^3i3: 1/07">'<-<;^6cr>DMAiESI^5^7-r 
1 OiiJrtf*:>nTC^^DMA^ill3&5. iiBcDck^^lit 

«6CLK53^tmfcaff^b:^cj:l^tfc«'C^'«;^ • t/V^^s;' 10 
[0 0 16] feu. CPU 1*5 1 /07=-'^VX4, 5 «: 

\t. c p u 1 k: i or;^s»^3&sMiio 

[0 0 17]^:^. ilBtt-^^y 2-vODMA^'^ h 
(I/OU-K) CPU It&^^^OI/Ot^^v'n'-^XW: 

[00 18] I /Or"^^^ :^3f)^h^^::^ ' -ji^S^ 
DMA^^^^t-^ (DRQ) ^mtf^tl^c DRQ^ 

MAKoHjSSfi-^ (DAK) ^ilL. >';^f' A>'n'X 9 O 
^^';^ISWS*^f-^ (HRQ) ^rCPU l--m;^-r6. H 30 
RQ^SttlXo/cCPU 1«. >'^•;< • !?i;?3'^^^';^ 
rSWlSSfi-^ (HACK) ^ilf, C(DB$. C P U 1 Tt)^ 

[0019] CPU 1 • •:^i^3*igSbr I 

^i-rSA*. I /O7=^>'^•-^X6i^^DMAl£S*r*0. 

[0020] —ys. • i; 2, SP3 «>'^•x tfeWSS^fi 40 
^ (HRQ) ^ffl:^Ur. S^;^-rAM*;^9%£WL/J:^ 
<i:-r5A^ CPU l;&i I/Of^/NV7;7. 8tC*fLr::^ 

[002 1 ] ^Bm\t. ±nmm!^.i^.^L. A^sja^ 
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[0022] 

[^S*^9^-r5/c8?)C[>^l8] ±B2BM*a 
C 1 ] CPU<b^^y*i^^$n-5>'X7^A/N'X<h I / 

DMA';-KB$tC|«SB^^t;;&>^Tj-pL.'Ctfcf" 

^ ^-B#«lf-r ^/ca?>07^-- di^^yVrt ^MBL. 

Buiac p u A^^'x r ^ -fe ;^^"fe^pa<D^ji[* nl 

[0023] C2) CPU<hy^y:?&5jg^^n'5i/;^7^ 
• ::^y !yt^*Wr'S*«ap->::^7^ACc*jUT. DMA^-^ 

©HIM* oJSg <b -r ^> c <t ^i^SS: i T -So 

[00243 c 3 ) ±fB c n x« c 2 D ^n<o^^:^ • 
y 1 /of^/^vx:^&>e>A:^$n^DMA^5}c<I■^ 

DRQ^^DMAy- Fg*3^CCD:?&^. DMA^-ThM^S^C 
[0 02 5] 

[ 0 0 2 6 ] a 1 \t:^^m(0m 1 S:C/^2 ilJSfl^%^-r 
[0027] C<D||JSfl?!|-Ctt. 5^;^'r'A/^•X<DAW9iral 

[0 02 8] ccDH^c^jt/^r. 1 ^i->;^f^A/^';5^, i 
T. iBtiDMAC. 1 6t^>'^'>^ • >^y v^r*>So 

[0 02 9] Itfc. (a) «DMAfeill^*fi-^DR 
Q. (b) «DMAlte3lje§(t-^DAK. ( c ) 
T-A/N'Xl lCD>''CXAWS^<t-^HRQ. (d) 
i^JSS^-^HACK. (e) «-'>'X-vx37<D;^t>- h 
m-^START. (f ) »^N'Xv;:<^CDnv>Ke^C 

MD. (g) ti^'xvj^d^cD^^y y-K/-^-r 

MEM R/W. (h) ti7^-:$f>'N'*>:7T 1 4C0tB:^>r 
^x^:/;Ufi-^Bu f f OE. ( i ) (^r^-^>'^'':^ :7 r 1 
4r(Dy'-^z^y9'fmBxi f f _LCH, ( j ) «i!£5g 
/N'Xl 2ffliJCDI/0^>r hfi-^I owe. (k) tiffiSS 

^^'xl2^!IJ<DI/oy-K^i•^I orc. ( i ) tirtSB 

T^^-iSfAX. (m) »DMAC!:)J^73i»J<t#DMA_D 
ONE. (n) (3:>>X'rA>'N'XfMcD*y--<i?iU/'^x>r h 
<1-^CYC_WA 1 T'C^>So 
[003 0] WT. COSiliBlt^J^f^ACDttf'fkloirirlft 
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[0 03 1 } DMA^-Y trj:i:>i=>DMA^m 

[0 0 3 2] DMAl^^^:^f ^KtC«. tr. I /Or 
DRQ (a) • z/V yiyl diiC^Jo^S 

ti^o A:tySti/cDRQ (a) Uz-cx • yi^l 6rt 
SBODMAC 1 5k:A^o DMAC 1 bltU.^^^^:^ 1 2 
->.DAK (b) (hDMA DONE (m) ^mt}lyn 
/0^J^^:^i!f>h7'-^i:'J-\^'r^<Dtm^(^. DR 
Q (a) 3&^A:^^n/cC<b«rSJjai[Hlffil S^MS^r^o 10 
[003 3] T^i. 3«HRQ ic) 

Xf^A/N'Xl l--m:^jr-&o Sfl!Bllp|Rl 3»HACK 
(d) ^^i^^t. START (e) . CMD (f) . 
MEMR/W (W) fi# (?) ^mtiir^o cnK:i;o 
I/07'^^VX3!P6';-FL//cf^-!5^». rtSUf^- 
( 1 ) ^Mr^XWM^^::^ 1 2;!?^6VXf*A>'^•X 1 
l--ig$n'E>o Itf-^^^^t-J^mTT-St. ©J«HI3S1 3 
i/'X'TA^N'Xl l^fiSft-r^o -eur. SC/DRQ 
isi) tii^Jj^tl^t. HRQ (c) ^->XxA/>'X 1 

|nIKl3«. I/0'r^^'-<X(DDMAe3ll*tC*Jl^r. 
z-?;^ a? If >f ^^btc <t ^ ^ * »; T ^ HrX tCi£:®S/jNfE 

[0 0 34] 3£iBlt^^y^<DDAMy- F. T 

[0 03 5 ] DMA^^^tf^^^tS:. ^^i;^^hB# 
tHliCc^-r. I/O'r>'^'>fXJ:0DRQ (a) 

• :/u 6tcA:^3$n'&o A;^$nfcDRQ (a) 

It^^Ts ♦ -^^t^l ei^aScoDMAC 1 S^cA^o DM 
AC 1 5»DRQ (a) t^X^^tifcCt^^mmm I 30 

3^im\t^. mmm^i 3«hrq (c) 

[0036] SflSPlElKl 3(iHACK (d) ^SC:^^ 
<t, START (e) . CMD (f) . MEM R/W 

^Bu f f_LCH ( i ) ^tii:br^. 

[0037] r'-^^^yyr 1 4tiBu f f _LCH 
< i ) •C->X7^A>'^'X 1 li]f^^V-¥i^fcy'--^^mi^ 40 
rs. SOffliloISSl 3tt>'^'x•7;^^K:J:-2»y-F • 
}Vf)miy^t'r<*t^iy:^7^AJ^7.1 l^mtkt-^o DM 
AC15ti. $fJtai|plSSl 3:^^>'^'Xv;^d? • 1f-Y^;K7)ai 
^iStf^i, ffiig.'^Xl 2-vDAK (b) iDMAD 
ONE (m) ^mt}L. T-^^'^vVy 1 4«:— B$figg 

[003 8] CO«F. WmSk\ ZM^f-'^f^yVy 1 
4^Bu f f_OE (h) ^Hi^jT^o -r- ^>'^' :7 r 
14ttBuf f_OE (h) ^St^f^iS^Urc^/cT^' 

'-^^^:^^55^^•-5^ 1 2ffl(i*>^tH:*)*r^. cn(cj:ot:. i/ so 



i^ga2 0 0 1 -344 1 94 
6 

1 4«n*^$n/d^. fi3R-''«x 1 2'^igsn^o 

[003 9 ] $raiHlK 1 3 SO'D RQ ( a ) t'^Kti 
^Uht. HRQ (c) €:5^Xf'A>'N'Xl 1^U1;^JL/. 
S^Xt'A/'^XI l^rA^-r^. *9SlllHlK13 

I/07=>'N'>fXCDDMAfe3i45tC4c5l^r. >'^'X•7X 

[0 04 0] c<D<i:5K:. lll^iffe«?tlK:<i:n6i. SUffllil 
K13«:J:0. I/0x>'^*>^x©DMAe2IK:*Ji,*■C^^ 
X V X ^ lf ^ «: <t y * U T ^ -te X © 

tSW»ira*5^<3^cC'2>o CPU« I/OT^^^-^X-vtDXU 

<U^^ >'N'XO»S(«DMAlte3i*'C*> 1 -7X^1^ 
;vSMf*:>n'£>/c2s?). DMAite^l^rfeffeCD I /Of^>'^' 
^X(C?^-r'SXU-:/-T^-teX*5aJSei;rj:0. CPU 
J&5SB#pa?t ^cC S C i ?:cl ^ 

[004 1 ] :<x(fC. :$immom2mmmf^^i^^xmmr 

[0042] C<omMmv\t. l^7s'rK<0'fv Y^Xivtf 
[0043] J£iT. Stif^tCOlirH 1 ^#Bg02^c^5e>|ft 
[0 04 4] ^T. DMA^-f F (I/Oy-F) <b C 

[004 5] I/O-r^'^VXJzDDRQ (a) :?&^A:^^ 
i£Sg>'^'X 1 2^DAK (b) <!: I ORC (k) ^Hl 

:t;ur 1 /of'>'<-<x;&>e>'r-:$?*»;-FL'Cc>^*4> 
K:CPU^^60XU-:r • T^-fex^5^o/cJi'^. SiJ® 
atel 3\XW&^^7s 1 2ffld(ODMA1f^^;l':0^*^TUfi£ 
56/N'X*^»SSc$n^isrCYC_WA I T (n) 

CPU(DXU-:/-1f-ri'^^*Wa i t (ffa> $ 

[0 04 6] yc^. DMA F ( I /O^-f F) <*:C 

[0 04 7 ] I/Ox>'^'>fXi:0DRQ (a) *^A:t;S 
nHRQ (c) :&tH:^i}3K:CPU;b^6©xu-:/- Ti^ 
•feX3!;^*>o/cli^. tliaiilffil 3«CPU;&^6<DX^- 
:/• T^-feX:65^7"r^^-CDAK (b) CDHJ;^*«I± 
Lr^E5B^^'X 1 2(iiJ(DDMA1f'<5';U*Wa i t 

[0 04 8] cor)<i:^K:m2*S6WlK:i:n«. Ummk 
*5 I /O XCr> D M A SeH^ <!: C P U OX U - 
^:57;UOD>|if?:S:tf^Ci«:ctD. ^^X'tAv'n'X, 
xcDM^^'x;^^5^%t^Sg^^d:-9rf^2^ Fa ^;&^^^T€> 
C<b*@Sr#. iEmtc^'X'^A*ailfP$ii'^Ci*i-C 
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[004 9] :k(fC. *S?§(D^3SQfe0«k:oiiTSiq8-r 

[0 05 0 ] co^JSm. m 1 . 02l|j5feWc r I / 

[0 05 1 ] m2\t:^^^(om3mim^frsirMmty:^ 

[0 05 2] H2K:*JCir. 12t^SR^^';^. I3\tm 

1 StiDMAy- K/'^^r h^OUt^J^tSrr^-S). 
[0 05 31 MCC. (a) «DMAlEiilS*fi#DR 
Q. (1 ) «rtgS7"-;$?>'^'X. (p) {:iiUt^:^^m^m 
Sl(i-^REG_I NFO. (q) {JDMA_R/WCD^ 
h • -r:^-:/^Hi-^REG__WE. (a r> «y-K 
*fflDRQfi^DRQ_r, (aw) »^>r HfRDR 

[0054] JWTtCCOSJiSPi^Xf^AOttf'PtCOlirift 

[0 05 5] CPU«I/Ox>'>V;^^DMA$KaiCDe 20 
aj*;&H:f ^> lute DMA y- K/^>f MSSflue^:^^ 1 8 
-^DMAeiitf^*^>r h-r^o DMAy-K/^-fh 
itSOUt^Xd? 1 — ttCPUcfc»5 DMA^tffS^ 

ni^mi-f^. DMAV-F/^-r hS«OUi^X:$' 1 8frC 

rcn3&^e)tT^DMA^3ii3&sy-F;!?\ ^>r hi)^j t 
Tjkrmnnh i i = r. o =w) ;&5#tiA*n 

[0 0 5 6 ] ffi:5g/^'X 1 2<D 1 /Ox>'^V;^J:0. DR 
Q (a) • 1 6F*9k:A:trSn^<i:. ^<7:) 30 

DRQ (a) [tDRQ-^U^^ 1 7tCA;t?$ti*o DR 
Q-feUd7^ 1 7^iA:;':;^n/cDRQ (a) :<^^DMAy- 

h' tj:(D:^ DM A ^-i h rj:(D^^i:DMA F/^-Y hij 
SijUi^Xdf 1 87>^6(D^REG_I NFO (p) J:0 
iS^SOL. DMA';- Fr*>ti«DRQ_r (ar). D 
MA7-Y hr4>n«DRQ_w (aw) ^tli:t?-r6o 

[0 05 7] fOfflllilKl 3ti. A:t^$n/cD RQ_r 

(a r) ^yt«DRQ_w (aw) ctD. CODMA^ 
F*C4>nt^DMA FB^SHtai^. "^^hV 

ms^m I Ram 2 nmmvm {^fc^<Dt mm^^ ^ . 
[0 0 5 8] ccoct^tc. msmmmt^cj^ti^t. mi. 

n<^vmwm-D\AK^ii^^^hm^ tdrq^^dm 

ci^&sr^-So 50 
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[ 0 0 5 9 ] :*:%Bji^^ i^;^f'A/N':;^±K:*€>DMAC 
MAiK^^^r^it^tcfci^T4>w^r^«9. >^^';^ • 

[0060] fcCfc. *^eBW±iE^W^I®5E3n€» t> 
[0 06 1 ] 

[006 2] (A) ^jaUUffitCcizO. I/Of^/<-^;^(D 
DM A|£^K:*5liT>'>'X-^7X ^-9- JUCcfc -5-^ y T 

&Sn^B#pa;^S<3^C^o /^'X<D«?^ft«DMA^t^3r 
4> 1 vxa?1f'Yi7;Uftk:?f*^n^/c26. DMASilltti'C 

[0 06 3] (B) $tJ^aJ^HISS*M/0-r>'^'-<;^^DDMA 
Ki^B^ i C P U (D;;^ - ^ ^ ;ucDi@ff ^tT ^ c t cc 

otTr-:. Fn-:.^3^^^^'r^Ci^|pljgr*. iE«K:*^ 

;^'r A^af^$ c i^i-c* 

[0 06 4] (C) • :/y 2.2xf*30©IiaiIpIKttDM 
Afeill;5^*§^^M^ rDRQj^^'DMA y- Flf-f ^^l-J^c 
DyiA'7^V^A^Mx(J:>iPi ^a6g(lt-'6Ci;&^ 
■C#-5». S(ISPIi!SttI/035r>6<3[>DMAS3^A^-7^^ h3&^ 

y- F7)^*Kiig3*&m)«:^M-r^cfr. wmmon 
\mm>i^mxwm^ 

m 1 ] *^§^cDmiRafm2iisfeFa=&^rs(i®5^x7^ 

[S2] *»?g(D^3||*6m7j^-r*a«Pi^X7^ACDSSi5 

[03] fi£^<^)$iJ48i^>;^f*A(Dl«fi£@r^)^o 
[?f^cr)|ft?§] 

1 1 t^X7^A>'^'X 

1 2 

1 3 $a9ii]l% 

14 f'-^J^vVr 

15 DMAC 

16 /N'X • :/y 

( a ) D M AiteSS^d-^ DRQ 

(b) DMA^3lll£;§(t-^DAK 

(c ) i^X7^A>''f;^<D^^Xf5WS^<t-^HRQ 
( d ) AWJC&Sm^H A C K 
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(e) i^Ts-^r^^Q^Ts^- h{t#START 
( f ) tSrCOn v> Kfi#CMD 

(g) )^7s'77.^(Oji^'^} ';-F/5-^ h^-^ME 
M R/W 

(h) T-^^^yyr(Omt)^^-:^Ji^m-^Bu f 
f_OE 

( i ) f-^^'^yyr(Df-'$i'^y^9^Bu f f 
_LCH 

( j ) ffi3s>'^'x^rocr) I /o ^ h®# I owe 

(k) fi2:5i^^;:^ffl90I/OU-H<l-^I ORG 

(1) ^*3SB7='-^>'^•;^ 5JC 
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